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ART. XXIII.-On the cause of the color of the Water of Lake 
Leman, Geneva j by AUG. A. HAYES, M.D., Assayer to State 
of Massachusetts. 
TIlE traveler, who enters Switzerland at Geneva, always has 
his attenti0n arrested by the beautiful Rznre color which the 
water of Lake Lemftn presents, especially when, as one looks 
into its depths, the color it' in contrast with the white reflection 
of clothing below the surface, at points where the laundresses 
pursue their avocations. 
* T, at the same time, called attention to the Laurentian aspect of the crystalline 
limestones of lona, which I found in MacCulloch's collection. Limestones not unlike 
these occur in Skye, intermixed with serpentine, and are, according to Mr. Giekie, 
associated with the protruded syenites of that region. With all deference to the 
authority of that eminent geologist, T cannot help suggesting that a re-examination 
of the district would show that the highly-inclined metamorphic crystalline lime-
stones, holding serpentine, and associated with syenitic rocks, belong to an older 
system (probably Laurentian), and are thus distinct from the nearly horizontal fos-
sillferous lia:'sic limestones near by, which are only locally altered by intrusive rocks. 
American geologists will at once recall the mis-conception which led most of our 
best observers during many years to look upon the old Laurentian limestones of 
New York and New Jersey as altered portions of the overlying paleozoic strata. 
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Many will remember the expression of Sir H. Davy, that 
"this color is doubtless due to some compound of iodine," 
and not only chemists, but geologists have speculated on the 
cause of this coloration, quite frequently with opposite opinions. 
Both in composition and general characters, this water belongs 
to a class I have been accustomed to describe as "White 
waters," or colorless waters, which, chemically considered, al-
ways hold a salt called crenate of lime in solution, and mark 
in their color the existence of lime salts, in their course as rivers, 
or in contact with them, as reposing in true lakes, At many 
points in Switzerland these white waters are found, and incli-
cate clearly the occurrence of calcareous matter, more exten-
sively diffused than surface observations of the rocks would 
allow in some districts. 
Among the r.I'yrolese Alps, too, lakes and streams present the 
same cerulean hue, which gives character and beauty to the 
water of Lake Leman, and I have seen even small collections 
of water there apparently as highly colored as the more noted 
lakes. "White waters," when clear, always present this hue, 
and when turbid, a green hue, due to reflection from particles 
of solid matter. In the summer of 1858, I commenced a care-
ful analysis of the water of' Lake Leman at Geneva, and had 
found a general accordance with the published statements of 
composition; but the special search for coloring matter, was 
prevented by the inopportune recurrence of rain, and subse-
quent disappointment at a point on the Rhone above the lake. 
Since that time this water has been analyzed by distinguished 
chemists, such as Will, Dafour, and Blanche, whose results only 
show the presence of more salts in number in the solid matter, 
and the slight variations in proportions which we should expect 
would occur, under variations of volume and temperature, in 
the water at different seasons. 
These analyses, I learned, were made in the usual way of 
evaporating the water for the solid products, and driving off and 
collecting the gases, a method which enables us to answer many 
questions, but does not permit the nicer determinations of or-
ganic bodies, if present, in a natural or an altered state. Anal-
ysis so conducted would not allow us to answer the question 
in relation to the cause of color, unless it could be traced to 
some known or unknown fixed compound. Nor would such 
an analysis determine the weight accurately of the whole amount 
of matter, naturally dissolved in the water, as it is easy to prove 
that a loss of matter takes place during the evaporation, even if 
conducted at a moderate temperature-the great point of state 
9f hydration of the organic salts, and to some extent that of the 
saline matter, is ignored entirely when we proceed in this way 
to determine the quantity and kind of constituents. 
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Nearly all waters contain living organisms, and their germs, 
these matters, in a decomposing state, organic acids, either with 
or without bases, in the form of salts, most easily changed by 
heat or even by concentration. These substances are very im-
portant constituents, in connection with the ·uses of the water, 
and I could offer many illustrations of damage in manufactur-
ing and unfitness for consumption, traceable directly to the pres-
ence of such bodies in waters otherwise desirable, and proper for 
extended consumption. 
The mode adopted in my examination of the water of Lake 
Leman is that which I have usefully applied in a large number 
of cases, and with modifications, it IS applicable to all waters, in 
connection with other well known steps of' analysis. 
A large volume of the water of Lake Leman was mixed with 
a small portion of a diluted solution of sub-acetate of lead 
quickly and uniformly diffused. Another portion was treated 
in the same way, with a water solution of pure soap-both pre-
cipitates slowly formed, were collected in a moist state, sub-
sequently examined by the microscope, and were found to con-
tain only the ordinary constituents of white waters, when so 
treated. 
The negative results of these trials in this connection, were 
sufficient to prove the absence of all coloring or colored bodies 
in this water-the strong attraction of the basic salt of lead for 
all coloring matter is well lmown-its power of removing col-
ored infusoria is equally great. The calcareous soap product 
formed from the test removes all suspended matter, and permits 
us to detect organic forms with ease and certainty, after the fat-
ty matters are dissolved on a glass slide. 
It is obvious that in cases of complete analysis of waters, 
these precipitates should be subsequently chemically treated, 
and their state of hydration found, and engaged compounds sep-
arated and weighed. 
Chemical analysis, thus conducted, having thrown no light on 
the cause of color in this water, has proved the absence of col-
oring substances, and placed it in the list of those waters, which 
do not exhibit the color seen in this lake; we are, therefore, led 
to ascribe the origin of its peculiar tint to natural influences, 
namely, the reflection and ren'action of an azure sky in a color-
less water. 
The sky coloration of this part of Switzerland early engaged 
the observation of Saussure, who even experimented on its depth 
of color, while retaining its blue tint. All the conditions favor-
ing almost constant blueness of sky, are present in this, and 
other parts of Switzerland in a marked degree, and I believe 
that extended observati.on will always connect the blue tint of 
white water with the deep azure hue of the clear sky above it. 
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By carefully watching the influence of the light from the sky 
on the water of this lake, I observed here as elsewhere that 
depth of color and tint in the water were modified greatly, or 
even lost under varied light from the sky. As the sun declined 
the azure tint was replaced by a grayish hue, or a light gray 
color was the closing hue of a series of shades of color. If the 
clear sky became flecked with small cloud surfaces, the water 
responded in unequal coloration, as if the water mirrored the 
sky, under this condition of beauty. 
In other countries, there are bodies of colorless water which 
do not exhibit the coloration, commonly seen in Lake Leman 
water. Such localities are not favored with clear blue skies 
through atmoflpheric constitution, and bluish greenness of tint 
is the nearest approach to azure hue, which the sky permits, 
excepting perhaps at rare moments. 
The negative results of chemical analysis, and the sufficiency 
of the effect of reflected and refracted light of the sky, which 
is over the water of Lake Leman, led me to the conclusion that 
the cause of color is found in the peculiar hue of the sky, so 
transmitted to the eye by a colorless water. 
Boston, Mass" December lOth, 1869. 
